Today's collaborations across fields of health and wellness are insufficient to meet societies' challenges in combating disease and maintaining the ecosystem and public health. In this article, we present a One Health curriculum model designed to encourage undergraduate students of varying disciplines to value the connectedness of animals, humans, and the environment and to think innovatively about solutions to priority global health issues.
Introduction
The term One Health, previously known as "One Medicine," was coined in the early 1900s to describe the collaboration between human medicine and veterinary medicine to combat zoonotic diseases. This term was chosen because both fields of medicine required common knowledge of the origin of disease, anatomy, pathology, and physiology. In the late 1900s the term One Medicine expanded to include ecosystem health and public health, thus becoming "One Health" [1] [2] [3] . The goal of One Health is to foster interdisciplinary, interinstitutional, and interprofessional collaboration locally, nationally, and globally to advance the well-being of people, animals and the environment [3] [4] [5] [6] .
Today's collaboration between fields is insufficient to meet societies' challenges. For example, Fisman and Laupland noted that, in the realm of infectious diseases, there is a dearth of communication "between veterinary and medical professionals," which, with the relatively recent spread of various infectious diseases such as West Nile Virus and SARS, is necessary to track and respond to zoonotic threats [20] . This problem is worsened by the isolation of the training and education within each profession, as well as the lack of zoonotic disease training in human medicine curricula [2, 4, 7, 8] . In addition to the lack of zoonotic disease training, there is also a lack of environmental health information included in human medicine curricula [21] . Therefore, collaboration is essential to solving complex societal problems including climate change, toxic waste, water pollution, food safety, and food security [5, 7, 9] . To address societal needs, curricula across professional schools are undergoing changes to embed introductions to One Health. The United States Centers for Disease Control and Prevention (CDC) has named One Health an essential focus area for higher education. In 2007, the American Medical Association House of Delegates accepted a One Health resolution and the American Veterinary Medical Association established a task force to implement One Health. In 2011 the North American Veterinary Medication Education Consortium (NAVMEC) listed One Health as a core requirement for all graduating veterinarians [2, 9] . And as of January 2019, at least 105 organizations from around the world support the One Health initiative [10] .
Even with the widespread support, One Health curricula are still in early phases of development. While some universities have established programs in One Health, this alone does not embed widespread change within the individual health professions. Individual courses are also being developed aimed at students across disciplines to increase their One Health knowledge. For example, the Western Institute for Food Safety and Security designed a curriculum focused on food safety and security from a One Health perspective [5] . The University of Sydney developed a field trip experience to local parkland areas for veterinary students to participate in five One Health activities [8] . The University of Geneva and University of Basel worked together to design three Massive Open Online Courses (MOOCs) to teach One Health-One Medicine, One Health connecting humans, animals, and the environment, and Global Health at the Human-Animal-Ecosystem interface [11] . At UC Davis, medical and veterinary students worked collaboratively to develop case-based One Health exercises [7] .
While each of these courses introduces one health concepts within an individual curriculum or professional development opportunity, holistic changes across fields of professionals require sustainable models embedded in their professional preparation. Therefore, holistic sustainable changes for future professionals require transferable models of multidisciplinary courses taught by faculty from fields as diverse as human medicine, veterinary medicine, nutrition, dental medicine, environment, and public policy. In other words, similar One Health courses may be too rigid in their preparation of their curricula and may not be able to account for changes that come across naturally during the evolution of an emerging field across multiple disciplines. This course, on the other hand, is unique in that it incorporates a diverse array of faculty working in various professional fields, which ensures changes in any one field will not invalidate the content of the course.
In this article we introduce the curriculum model collaboratively developed to produce an undergraduate One Health course at Tufts University. The definition of One Health and the categories used for our course came out of a working group from the Tufts University-wide One Health Committee consisting of faculty from medical, dental, nutrition, and veterinary schools at the University. In this article, we describe how we implemented a course to support this working definition of One Health in our current curricula. However, the field of One Health is an ever-evolving area and this is only possible definition of One Health so we intend our curriculum to be modified as needed to accommodate the varying definitions of One Health at other institutions. Our specific course builds on a previously developed a method of "mapping assets" of a university to determine how the university could promote One Health education [12] . The course was designed to encourage undergraduate students of varying disciplines to value the connectedness of animals, humans, and the environment and to think innovatively about solutions to priority global health issues. We present the design and implantation of the course and demonstrate its success. Finally, we propose ways that this curriculum model can be adapted and transferred to a multitude of contexts in undergraduate, professional and graduate degree programs.
2. Methods -one health: animal, human, and environmental connections
Course goals
One goal of the curriculum model was to bring together multiple faculty from different fields of study. The course was run by the Co-Associate Director of the Tufts Institute of Human-Animal Interaction, who worked collaboratively with members of the Tufts University-wide One Health Committee. The curriculum blended these diverse perspectives into a cohesive theme focused on the ways in which animals, people, and the environment have shared health. Course learning objectives presented to students focused on their understanding of One Health approaches and their ability to apply them through evidencebased discourse and an understanding of the context and backgrounds of the various issues. Underlying the learning objectives was the goal for students to recognize the value of animal, human, and environmental connectedness. Ultimately, the curriculum sought to develop in students the ability to articulate the benefits of the One Health approach and apply it in the development of innovative approaches to priority global health issues.
Course framework
This course was implemented under the auspices of the Tufts University ExCollege, a program to foster interdisciplinary education, engaged leadership, and active citizenship in Tufts undergraduates. It took place on the Tufts University main campus in Medford, MA. This course ran for 13 weeks with a single 150 min meeting each week. Depending on the weekly topic, each session was developed and guided by selected faculty from the dental, medical, nutrition, and veterinary schools at Tufts University, with additional input from staff at the Tufts Institute of the Environment and the Tufts Center for the Enhancement of Learning and Teaching. An online management system (Canvas) was used to distribute readings and collect and grade student work, and the course director attended all classes to facilitate consistency of the student experience in face of the team-taught approach.
The course was open to Tufts University undergraduate students of any major. The enrollment in this pilot year included 24 students drawn primarily from Arts & Sciences fields, including the following majors: International Relations (8), Biology (3), English (2), Economics (2), Biopsychology (2), Community Health (1), Film and Media Studies (1), Biochemistry (1), Peace and Justice Studies (1), Political Science (1), Computer Science(1), and Undecided (1) . Represented were 20 Seniors, 2 Juniors, and 2 Sophomores.
In addition to the myriad student majors represented, the faculty who developed and taught in the course come from numerous different fields and schools. A consistent framework was developed and applied to each class session. While the faculty directing the week's content and material were drawn from a variety of schools, each class was organized into three sections of activity: interactive presentations of background material, small group activities, and a summative discussion or presentation. Supporting materials were provided weekly, including readings, supplementary bibliographies, and slides from in-class presentations.
Course activities
Each week, class activities were broken down into three sections separated by two short breaks. This design was chosen to provide both the opportunity to learn from and interact with expert faculty around each week's topic and to allow for students to experience deeper learning through the creation of their own positions, arguments and presentations.
Each class session began with an interactive presentation from the expert faculty to introduce key questions and ideas related to the topic. The presentation included questions to prompt reflection on what they were learning and make connections to the background readings for the session. Students were also encouraged to use this time to ask questions and probe the experiences of the instructors, who came from a diverse array of professional schools and fields. The selection of the background readings and the format of the presentations allowed for the experts to share disciplinary conventions of study and communication.
Following the presentations, small group activities and discussions were designed to encourage full participation by the students. These group activities targeted students' intrinsic motivation by providing opportunities for self-directed learning and ownership over the material [13] . The format varied from week to week, but examples of in-class activities included: developing an affirmative or negative position on a stated resolution and supporting the position with no fewer than three lines of reasoning, writing a brief recommendation for a solution to a stated dilemma or problem presented in class, and creating visual products conveying high priority ideas from small group discussions. A consistent rubric was used to evaluate the materials each group developed on a given week. The rubrics were consistent across all the assignments in class to be used by the various faculty (see Fig. 1 ). The rubric emphasized the importance of integrating ideas from the class discussions and readings. It also highlighted the importance of professional presentation of ideas, whether the medium was a group in-class presentation or individual written commentary. The rubric and consistency of grading from week to week provided transparency for the students, an important inclusive teaching practice [14] . The consistency of grading was important to emphasize due to the different faculty members grading assignments every week. The nature of the group activates in class also allowed for a significant cooperative learning component to the curriculum design [15] .
Finally, the last portion of the class encouraged students to synthesize their learning. Led by the course director and the faculty expert lecturer, this concluding section provided a forum for sharing ideas, recommendations, and evidence-based assessment of the week's topic. Activities varied and included summative whole-class discussion, student group presentation, or other moderated sharing of the students' developing ideas.
Curriculum topics & overview
Within the course, session topics were organized around four key categories relevant to One Health: 1) Infectious zoonotic diseases and global health. 2) Naturally occurring shared disease in companion animals that can serve as models for human disease 3) Human-animal interactions, and 4) Impact of environmental health on human and animal health. These key categories were chosen both because of their relevance to One Health and because each emphasized a slightly different element of the One Health framework, which fostered student understanding of the wide-reaching implications of One Health. The categories were selected based on a similar framework to that laid forth by Lebov et al. [16] . Additionally, while each of the categories emphasizes a different aspect of One Health, they all address each of the three major domains within One Health. For example, human-animal interactions are discussed during the course in terms of their impact on human health and psychological well-being [17] (human health), the potential proliferation of infectious diseases due to the improper implementation of animal-assisted interventions [18] (environmental health), and the potential challenges to animal welfare due to improper preparation or care on the part of the handlers [19] (animal health). During week one, students were introduced to the topic of One Health and the course. Weeks two through nine covered these four topics. Then Weeks 10 and 11 broadened the application of these concepts through communication and public policy of One Health concepts and application of One Health in an example priority health issue, the pet food industry. Finally, weeks 12 and 13 were used for presentation and peer review of class projects.
The individual sessions focused on key questions, challenges, and opportunities in each of these four categories and considered the positive impact of inter-disciplinary and inter-professional One Health approaches. Faculty took leadership roles in the curriculum where their expertise intersected with the topical subject, allowing for a diverse array of perspectives throughout the curriculum. Table 1 presents a week by week overview of the curriculum, showing location of topics along with the associated student activities. The complete readings assigned are provided in Appendix B.
Grading & student feedback
Students' grades were based on attendance, in-class participation, class presentations, and completion of online surveys. Attendance at all classes was required. Assignments were posted online to the learning management system Canvas, where students could view their grades and the rubric that was completed by the week's faculty leader and/or the course director.
The class assignments were primarily completed in groups, except for position papers that were required from each individual before each of two in-class debates. These focused on One Health solutions for health challenges that impacted people, animals or the environment. The course culminated in a summative capstone presentation, which students could also complete in groups. The capstone presentations allowed the students to directly apply what they learned in the course to a specific challenge. Students submitted preliminary outlines, identifying sources, groups and topics. At the capstone presentations, teams received feedback from peers through a threaded discussion forum on Canvas in addition to the more formal grade from a rubric completed by the course director.
Students received frequent focused feedback on their learning through in-class interactions with the faculty and their peers. The nature of the peer-learning environment allowed for students to continually develop and test ideas in the company of peers with different backgrounds. The faculty were present to provide guidance and support. The last portion of each class period provided opportunities for the faculty to check in with the students developing understanding of issues related to the week's topic.
Data: surveys, student work & faculty reflections
The goal of the curriculum model was to bring together faculty to blend diverse perspectives into a cohesive theme of shared health among animals, people, and the environment. Success of the model is ultimately evaluated through student ability to articulate the benefits of the One Health approach and apply it in the development of innovated approaches to priority global health issues.
Surveys
Three online surveys were used to solicit student feedback on the course and to probe their understanding of One Health. These surveys were not graded, but were used by the instructor to inform the course design and for the research purposes in this article. A single survey was administered in the first week of the class and again at the end of the semester to assess changes in students' confidence and understanding of the One Health approach. Additionally, mid-way through the semester a survey was administered to seek feedback about the course logistics and the student's experiences, which was only qualitative and openended in nature. The pre-and post-course surveys asked students to define One Health and describe how they would apply it to high priority health issues. After each question, students were asked to indicate their confidence in their answers on a Likert scale with the options ('Not at all confident', 'Somewhat Confident', 'Fairly Confident', and 'Very Confident'). The full survey questions are included in Appendix A. For expert comparisons, the surveys were also given to Tufts One Health Committee faculty members who served as co-faculty for developing and providing the course. The surveys were taken by these faculty members to compare the student responses to content expert responses.
Ethics
This research was conducted under the approval of the Tufts University Social, Behavioral & Educational Research Institutional Review Board (SBER IRB). At the completion of the final survey, students were redirected to a consent form. This introduced the nature of the study the authors wished to conduct and allowed students to consent to their work being used for research purposes. Students were informed that neither their involvement nor their answers would impact their grade. Of the 24 students enrolled in the course, 92% (22) provided consent for us to use their responses from surveys. These are the data considered in the remainder of the paper. 
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Statistics
For the Likert scale questions, a sign test was used to test for differences between pre and post responses. This method is a nonparametric test which compares the number of responses that improved after treatment to those that did not improve and uses a standard binomial test to determine significance. Small sample counts within each combination of pre and post responses hinders the utilization of more powerful tests that rely on large-sample properties; the sign test was therefore deemed most appropriate with these data.
Results

Student confidence
In the pre and post surveys, students were asked about their confidence in their ability to define One Health, a One Health approach and its benefits. Over the course in all categories, students gained confidence in their abilities (see Table 2 ). There was significant improvement in student confidence from 50% (11/22) of the students reported feeling not at all confident in their ability to define One Health prior to starting the course to 68% (15/22) of students reporting the highest confidence on their ability to define One Health after the course (p < .001). Similarly, students' confidence also improved in their ability to describe the benefits of One Health (p < .001) and in their ability to describe the role of a One Health approach in addressing high priority health issues (p < .001). See Table 2 for the percent of students Fairly or Very Confident in their answers to four survey questions.
Student evaluations
Students were very positive about the course. All responding students were likely to recommend the course to their peers, with 76% (16/21) very likely and 24% (5/21) fairly likely, with one student not responding. When asked what about the course enhanced their learning, student responses included "the structure of the classes and the emphasis on group work and discussion afterwards!", "The presentations by a wide range of professionals in different fields did a good job of offering different aspects and perspectives of One Health," and "The interactive and discussion-based components were super helpful and I loved the final presentations." The themes of each of these representative quotes were echoed in over 1/3rd of the student responses. The course also provided an unexpected benefit for one student who stated, "I got a job through the networking/connections I made."
Feasibility & key design features
Overall, the faculty found the course feasible, but felt that to successfully facilitate a truly multidisciplinary course, a cohesive faculty team was required with a strong leader and coordinator to provide consistency and continuity throughout. With many faculty rotating in to teach sessions each week, having a strong course director attend all sessions allowed for continuity between those sessions and bridged topics with overarching themes. When asked what features of the course most enhanced their learning, students most frequently mentioned the multiple lecturers and the group discussions and activities. As one student wrote, "having each group present in some small [way] each week and discussing afterwards forced me to think a lot more about the topics at hand". Similarly, when asked to name the most important and effective features of the course design, faculty mentioned the combination of lecturers from multiple disciplines and the logistical format, including the student discussions and application of ideas to case studies and real world problems.
Discussion
Student feedback and course evaluations supported that this multidisciplinary One Health course was feasible with a strong course director and demonstrated improved student confidence in the ability to define, describe, and apply One Health principles in priority health issues. With a unique and strong interdisciplinary faculty base, this course is the first of its kind to include faculty from over four different professional schools that was successfully implemented at Tufts with these positive outcomes.
Future directions for this course could incorporate components from other One Health courses described in the literature. Case-based One Health exercises created by students and faculty as described in Wilkes et al. [7] could be added to give real life examples of One Health problems that the students may face in the future. In addition, the field trip approach [8] would be an interesting application of content to help reinforce the concepts taught in class. To promote dissemination of this curriculum model (as described in Ruiz de Castaneda et al. [11] ), development of a MOOC for One Health could be considered as well.
This model could easily be adapted and expanded for graduate or professional student participants with the students themselves taking additional ownership of the weekly activities. For example, students with expertise in a discipline could take leadership roles in designing and leading activities during topics that intersect with their background and interests. The curriculum could also be expanded to address this more experienced student body through the selection of more advanced readings. This course would be further strengthened by faculty from additional fields and could be modified based on the varying strengths of faculty at differing institutions with departments and fields such as sociology, community health, earth and ocean science, economics, urban and environmental policy and planning.
Overall, the evaluations and feedback suggest that a multidisciplinary One Health course could be implemented successfully at other institutions with the caveats of employing a cohesive faculty team, a strong course director to provide consistency and with a focus on continuity throughout the sessions to provide context and structure for students in the interrelatedness of One Health concepts throughout a variety of fields. A number of students mentioned in their evaluations and feedback that they appreciated the wide-ranging interests of the cohesive faculty team and additionally that a consistent leader was essential to put the diverse fields into a singular perspective. Additional challenges to consider include potential institutional barriers to developing and delivering such a course including teaching credit, shared resources, and support to develop partnerships across fields, departments, and schools. At Tufts University, these challenges were overcome through the creation of a university-wide One Health Committee that provided a foundation for working relationships across schools as well as an institutional NIH grant which included One Health as a priority area and provided support for the course to be developed. 
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